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Absolute Calibration of Referency Hydrophones 
 in the Audio Frequency Range  

By A. N. Golenkov and L. Ye. Pavlov 

Source:  Izmeritel'naya Tekhnika (Measurements 
Technology), No. 5, 1967. pp 44-49 

Until now, underwater acoustic measurement technology 

lacked a satisfactory and simple method for the absolute 

calibration of hydrophones in the low and medium audio 

frequencies (500 Hz to 5 kHz). 

In the frequency area above 5 kHz, the reciprority 

method (1,2) is used for planar and spherical waves; and, 

for frequencies below 300-500 Mz, electro-dynamic compensation 

method (3,4) is used. These methods provide a high order of 

accurate hydrophone calibration. 

unpredictable pressure effects cause difficulties in 

hydrophone calibration at the intermediate frequencies of 

500 Hz - 5 kHz and also acoustic field problems appear at 

the higher frequencies. The properties of the water medium, 

primarily as these define the relationship of the dimensions 
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of the transducers to the wave length, impose a serious 

91 
limitation on the use of established methods for calibrating 

hydrophones at the low and medium audio frequencies. 

The comparitively small dimensions and the symmetry of 

their design, that commonly characterizes modern reference 

hydrophones, results in a lack of directivity at these 

frequencies and makes it more expedient to do a pressure- 

type calibration, the more so, since it is difficult to 
i 

attain free field conditions at frequencies below 5 kHz. 

The electro-dynamic compensation method, in which the 

opposing electro-dynamic force on the diaphragm of an electro- 

dynamic transducer serves as the calibration characteristic, 

is not practical for frequencies above 500 Hz because there 

is a rapid rise in the diaphragm's inertial impedance with 

increase in frequency, and a corresponding degradation in 

the signal-to-noise ratio. 

An attempt to use electro-dynamic forces for calibrating 

a small-dimensioned hydrophone at the higher frequencies, in 

our opinion, forgoes the major advantages of electro-dynamic 

compensation and it is technically a complex matter. 



A search for a uniform, simple and highly accurate 

method of calibrating hydrophones led the authors to develop 

the null method, the basic concept of which is analogous to 

the electro-dynamic compensation method, but suitable for 

use at the mid-audio frequencies. 

The essence of this method lies in the fact that the 

oscillations of a piezo-electric surface, in response to 

sound waves in water, are inhibited by the piezo-electric 

forces (at an audio rate) which are excited on that surface 

by applying an exterior voltage to it. 

The instant when the piezo surface is immobile (nulled) 

—when subjected to the simultaneous action of an exterior 

sound field and the internal piezo-electric forces—the 

compensation interval—must be measured by a sensitive 

instrument that measures the oscillatory displacements of 

the hydrophone's surface. 

A cylindrically - configured hydrophone,'the two end 

surfaces of which are not restrained, experiences radial 

displacements of its piezo ceramic surface under the action 

of sound waves applied to its outer surface, and this is 



expressed in the equation for in inverse piezo-effect (6): 

»-f-*. 
(1) 

where a  = is the mechanical stress in the surface developed 

by the applied sound energy; e — is the modulus of elasticity; 

Ufc - is the electrical voltage on its surface;  = is the 

thickness of the piezo-ceramic wall; 6  - is the piezo-electric 

modulus. - 

Prom (1) it can be seen that by selecting the proper 

sign and magnitude for Uk, the displacement can be made zero. 

The mechanical stress >. in the walls of the hydrophone 

is proportional to the mechanical transformation ratio r/a 

(r - is the radius of the cylinder), and therefore: 

c«=  p, 
A 

where p - is the sound pressure. 

At compensation - the null ( 5;0  ) from (1) we have 

— «= 6 -*- HAH p n - UK~MUK. *        a t (2) 

Equation (2) is the equation for the hydrophone calibration 

method which we have termed the piezo-electric compensation 

method,  it shows that at the instant of compensation, sound 



pressure p, which is exerted on the surface, has a voltage 
■ 

proportional to the compensation applied at the electrodes. 

Thus, the instant of compensation is determined by 
■ 

selecting the appropriate phase and amplitude for this 

voltage from an exterior powei supply. 

As evident from equation (2), the proportionality 

coefficient, M is not dependent on frequency, and assumes 

the character of a constant for a given model of transducer 

that may be under calibration by the compensation method. 

This constant can be determined by an independent 

process. A compensated transducer is used when calibrating 

hydrophones. A calibrated hydrophone is placed close to the 

compensating transducer, and if the acoustic impedance of the 

calibrated hydrophone at the instant of compensation is 

sufficiently large, then its sensitivity is determined by 

the formula:  E - J * J^ (3) 

! 

where U - is the output voltage of the calibrated 

hydrophone. 
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The compensating transducer consists of two radially- 

polarized cylinders 1 and 3 (Fig. 1), 

Utfjf 

*Hr." I 

mounted coaxially.  The space 2 between the cylinders is 

filled with an acoustically stable material. The cylinders" 

external electrodes are connected to the housing and grounded. 

The cylinders bear on gaskets 5 and the cylinders are installed 

between the upper and lower flanges of the housing 4.  These 

gaskets provide a hermetic seal, an acoustic de-coupling of 

the cylinders from oscillations of the housing, and a 

safeguard for the ends of the cylinders against their 

excitations by sound pressure. 
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One of these piezo-ceramic cylindrical transducers is 

* the null unit (the outer one in Fig. 1), which compensates 

the sound pressure when a compensation voltage Uk is applied 

to its surface; and the second cylinder acts as the null- 

indicator's sensitive element which senses the instant of 

compensation as evidenced by the dynamic equilibrium between 

sound pressure and the piezo-electric effect. 

The compensating transducer operates in the following 

manner. The sound pressure waves that impinge on the null 

unit are conducted through the adjacent acoustically-stable 

material to the sensing element of the null indicator; and, 

consequently an electric voltage is impressed across the 

electrodes of the null-indicator that represents the 

oscillations of its inner surface. Proportionate to the 

value of the input compensating voltage on the null units' 

surface, this signal lowers in value, and when the instant 

of compensation is reached, it becomes zero, and thus 

satisfies the conditions for the piezo-electric compensation 

method. 



The equivalent electric circuit of the compensating 

transducer is seen in Pig. 2. 

m t, JE ty     to x 

Our. 2 

Here     i»i»aipi and   mj-ojpi are the distributed masses 

of the inner and outer piezo-cylinders; respectively: 

«f        1 
fi*="r~ and fo«  are their elasticities (r is the average 

radius, p-is the density); m--ajpj  is the mass of the 

material separating the piezo-cylinders,  ft. and 

0r=— «-«=-. •  are the elasticities of that material. 
Pa's '* 

When filling the cavity between the two cylinders with a 

rigid material one may neglect eleasticity G, which determines 

the deformations in the width dimension, but when filling 

the cavity with a fluid, one must exclude the elasticity 

expression g., from the circuit. 

In our set up, we filled the cavity with an epoxy 

compound that had mechanical characteristics mid way between 

a solid and a fluid, and it was necessary to calculate both 

elasticities. 

8 



As seen in the equivalent circuit diagram, the 

compensation condition is attained independent of frequency 

«nd the values of the circuit parameters. In the fabrication 

of the transducers measures were taken to reduce the influence 

of longitudnal stresses of the null-unit which are determined 

by the piezo modulus a„=a„,  on the e.m.f. of the null 

indicator (when the cavity is filled with a fluid, the 

utility of such measures is superfulous.) 

It is to be noted, that at a finite wall thickness a, 

of the null unit, the expression for the constant M (of 

the compensation transducer) is made complex.  Physically, 

this is due to the fact that when a thick wall is used, the 

inner and outer surfaces of the null unit oscillate non- 

uniformly: when one surface or the other is at rest, the 

other still makes minor oscillations because its absolute 

displacements depend on all three piezo-moduluses, e,,, 6t> 

and  A»  affecting its surface. 

Assuming that the surface at rest is the piezo ceramic 

surface adjacent to the sound conducting material in the 

cavity, calculations lead to the following dependency for 

9 
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the constant M relative to the thickness of the wall: 

•-*{»**(£HI 

where M„= - '''- ; v—    is Poisson's Ratio. 
rt 

This formula shows that the surface on which the 

sound pressure acts directly will remain somewhat dampened. 

This, strictly speaking, lowers the acoustic impedance of 

the compensating transducer. 

The wall thickness of the null unit must be adequately 

thin. Our set up observed the relationship - < 4 • io~2. 
f»  ... 

The Experimental Set-up. Calibration of hydrophones 

by the piezo-electric compensation method was carried out 

in a small tank filled with water. The sound waves in the 

water were generated by a piezo-ceramic transducer. 

Using a compensation transducer of the type described, 

we restricted its use to the calibration range of 1-500 Hz. 

In the higher frequency area, we used an inverted 

compensation transducer which gives the greatest practical 

resolution of waves in a small tank's working cavity. 

10 
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In this variant/ the compensation transducer in an 

integral part of the measuring tank: the walls of the null 

unit form its lateral surface, and the inner piezo-ceramic 

cylinder is the sensing element of the null indicator. 

The transducer, producing the sound pressure, is 

installed in the sturdy tank mounting frame thus providing 

the desired grounding of the un-grounded (inner) surfaces 

of the null indicator. The hydrophone to be calibrated is 

secured in the opening located in the middle of the tank 

cover. The cover rests on a resilent seal and covers the 

piezo-ceramic cylinders and hermetically seals the inner 

cavity of the measuring tank. 
if 

The linear dimensions of the tank are calculated by 

a well-known formula (7) so that the radial resonant point 

of the working cavity was always higher than the longitudinal. 

Relative to the vertical dimension of the tank, a test 

showed that the distribution of pressure (which occurs with 

increase of frequency) turns out to be practically negligible 

for frequencies up to -O.I/J- 

11 



a 

For calibration of hydrophones at the higher frequencies, 

it is necessary to take into account non-uniformities in 

sound pressure along the longitudinal plane of the tank. 

The sound pressure distribution curve has a symmetrical 

character which permits one to execute a calibration of those 

hydrophones that have a symmetrical-type construction, and 

12 

1. That which we term the plane of acoustic symmetry of the 
inverted compensating transducer or the hydrophone is 
that plane in which all possible sound pressure deviations 
from the average value are equalized. 

• k 

I 

which may occupy a substantial volume of the measuring tank, 

I 
provided that the compensating transducer and calibrated 

hydrophone have coincident planes of acoustic symmetry. 
! 

The fact is that the compensating transducer measures 

the average value acting on the surface of the null unit, 

and its sensitivity to the pressure gradient is extremely 

little. 
■ 

If, as it commonly happens, a non-directional hydrophone 
■ 

exhibits the very same integrating characteristics, then one 
■ 

may execute a calibration under conditions of a variable 



distribution up to about 0.8 f' ; when, strictly speaking, 

the tank seems too small. 

A barrier of transparent organic-glass installed on the 

tank cover, provides a hermetical seal for the measuring tanks' 

working cavity under a free water surface. This simple 

arrangement permits filling up the cavity with water that 

is free of air bubbles, which is a pre-requisite for proper 

functioning of the calibration device. 

Our test showed that the constructional mechanical 

resonances of the system can be shifted beyond the working 

frequency range up through 5 kHz. 

A bloc diagram of the calibration device is seen in 

Figure 3. The hydro-acoustic part of it is represented by 

the measuring tank 1, described above. 

•EM3 
Our. 3 
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The sound pressure in the tank is generated by the 

piezo-ceramic projector 3, fed from a sine wave generator 2. 

From this generator, through a phase-inverter 4, the compensation 

voltage Uk appears at the null unit's compensating tranducer, 5. 

The voltage taken from the terminals of the null indicator's 

sensing element through amplifier 6, is presented on an 

oscilliscope 7 which serves as a visual indicator of the 

instant of compensation as evidenced by the disappearance 

of the sinusoidal signal. 

The calibration device provides direct measurement 

of the sensitivity of hydrophone under calibration, r , 

(at the instant of compensation) using the readings of 

attenuator,8 which is calibrated in units of sensitivity. 

E = I . E 
M  Uk 

This attenuator measures the ratio of voltages — 
Uk 

with the scale calculation ^-.    To do this, the attenuator 

is equipped with an accessory voltage divider formed by 

resistance R and the input resistance of the attenuator. 

Resistance R is selected according to the size of M for a 

given tank size, so that when the output voltages of the 

hydrophone under calibration and of the attenuator are equal, 

' 
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the dial reading of the latter reads the sensitivity. 

The conjunction of the output voltages is indicated 

visually on the oscillograph 11 when they are. alternately 

fed to it through switch, 9 and pre-amplifier, 10. 

The output voltage of the hydrophone under calibration 

is recorded, and then, via the attenuator at the oscillograph, 

the very same voltage is used to ascertain the hydrophone's 

sensitivity. 

The high input impedance (not less than 300 megohms) of 

the input amplifiers allows one to measure sensitivity over 

the frequency range 1 Hz to 5 kHz for the great majority of 

piezo-ceramic hydrophones, and practically irrespective of 

their loading. 
- 

The Basic Test Results. Evaluation of Accuracy 

The experimental determination of the compensating transducer's 

M constant is fundemental to the piezo-electric compensation 

method. 

The constant expresses the relationship of the pressure 

p° to the voltage U required to compensate this pressure; that 
T>0 

is: M = —- , and it is established by the characteristics of 

the piezo-material and by the design of the transducer - 

independent of frequency. 

I 
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In principle, M can be determined in the static mode, 

but it is better, with piezc-electric transducers, to assign 

a variable pressure p°. 

For this, we used a modified hydrostatic environment (8) 

in which a periodically varying level of a free water surface 

creates a varying hydrostatic pressure in the water. 

The cavity of the measuring tank 1 (Fig. 4), is joined 

by a flexible tube, 2, to an auxiliary open vessel, 3, which 
i 

is fitted to a vibration table, 4, that generates sinusoidal 

oscillations which act vertically. The entire system is filled 

with water and the initial hydrostatic pressure is determined 

by position of the free meniscus* in the open vessel. The 

hydrostatic pressure p • pghsinwt is changed at a rate 

proportional to the oscillatory displacement of the free 

water surface; wherr p-is the water density; g-force of 

gravity; "h-amplitude of the oscillatory displacement. 

4>Hr. 4 

16 

* The curved upper surface of a liquid column, concave when 
the walls are wetted by the liquid and convex when not. 



, 

Selection of an adequately low (0.3 - 0.4 Hz) oscillating 

frequency for the vibration table made it possible to disregard 

the inertial forces acting in the oscillating liquid. This 

was due to the trifling oscillatory accelerations associated 

with such a low frequency. 

- 
The amplitude h of the oscillations in our measurements 

were 2 centimeters, and, consequently, *f« fl -—-«/*'. 
•5  f« 

m 
The compensation voltage u£ was measured by a high-quality 

voltmeter. Experience showed that, when using the hydrostatic 

system, the error in determining M is a fraction of one 

percent and can be regarded as a constituent of the systematic 

error of the calibration device. 

In this connection, it is of interest to note that 

repeated measurements of M, carried out over a year's time, 

gave a variation in magnitude within limits of 1% which 

indicates a high stability with respect to time.  In the 

event that a piezo-ceramic is used in the null unit, the 

characteristics of which are temperature - dependent, the 

calibration of the hydrophone by the piezo-electric compensation 

method has to be carried out at that water temperature at 

which the M constant was determined. 

17 



I 
The tank described was made with a temperature- 

stabilized ceramic, and gave an M -     l857*^El. 
... 

The dimensions of the inner cavity of this measuring 

tank (diameter - 78 mm; height 105 mm) allowed us to calibrate 

non-directional hydrophones in it which have dimensions not 

exceeding 50 mm, and at frequencies up to 5 kHz. 

The vibration dampening gaskets on the butt ends of the 

piezo-ceramic unit gave practically complete "de-coupling" of 

the hydrophone under calibration from the oscillations of the 

compensating transducer (the walls of the chamber).  This was 

checked without water, and when an alternating voltage was 

fed to the exciter (to 100 db) and to the terminals of the 

null unit (to 10 db), there was no signal from the hydrophone. 

in the working band of frequencies, the compensating voltage 

was several volts. * 

Use of the mechanism of piezo-effect is realized by the 

exceptionally high sensitivity to deformation of the compensating 

transducer, however, its sensitivity to pressure lay in the 

area     20-60 MKS 

I'* 

' 

«/«'    , 
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At frequencies above 1 kHz, it is necessary to satisfy 

the theoretical prerequisites, related to the sound field in 

a tank, which would satisfy the tolerance for hydrophone 

calibrations under conditions of possible variations in 

sound pressure along the length of the tank. 

*tt   -7    03      a      23    33 
tcccmoMu; m n/iocKOcmu cun- 

ttempuu.HH 

4>nr. 5 

w 
34 
f 
4 

■ M ■ «t KX X « K K tß ••••••• o e 0 o * 

t\       »       »       ■       «       ' I I I I 1 1 »~. 
1    2    4    I    ff   32   St   125 250 500 mtm*ffl:\ 

♦■r. 7. 

Using a miniature spherical hydrophone of a known constant 

sensitivity, the relative change of pressure was measured when 

the hydrophone was positioned at various points along the 

length of the tank and at frequencies of 1,2,3,4,4.5 and 5 kHz. 

19 
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The experimental curves, thus obtained for the 

distribution of sound pressure along the tank length are 

shown in Fig. 5. Along the vertical axis are. laid out the 

measured values of pressure, and along the horizontal axis, the 

position of the miniature hydrophone relative to the plane 

of acoustic symmetry of the tank. 

These curves, for frequencies to 5 kHz, agree well 

with the calculated values, and their relatively good symmetry 

is such that one may practically view non-uniformities as 

cancelled out by the sound pressure distribution on the surface 

of a hydrophone of comparitively large dimensions. 

In Fig. 6 is presented the frequency dependency of a 

sound pressure p , generated in the measuring tank. Using 

■ 

the compensating transducer and with a constant voltage on 

the generator terminals, the measured sound pressure level 

varies substantially depending on the frequency of excitation. 

However, at the hydrophone sensitivity E, it remains 

linear which indicates the measuring accuracy of the piezo- 

electric compensation method, in spite of the change in 

magnitude of the sound pressure. 

■ 

20 



Evaluation of the system error was determined 

experimentally by numerous hydrophone calibrations. They 

indicate a high reproducibility of measured data. 

As an example, in the upper portion of Pig. 7 is shown 

the frequency characteristic of sensitivity of a spherical 

hydrophone made of barium titanate and having a diameter 

of 50 mm. Each point on the graph represents an average 

of ten measurements. The maximum deviation of the values 

at individual fixed frequencies over the band 1 Hz to 5 kHz 

was 0.8 db; the r.m.s. error of the series of measurements 

lay within 3%. 

In the lower portion of the graph is shown the frequency 

characteristics of sensitivity for a piezo-ceramic hydrophone 

of a cylindrical configuration (diameter 12 mm, height 22mm). 

In the spectrum 20-30 Hz the calibration points (indicated 

by "x's" over the little circles) were done by the piezo- 

electric compensation method in a water-filled steel tank 

(diameter 150 mm, length 200 mm) using a compensating' 

transducer (with a constant M= 157,5—^   t   installed as a 

separate component (see Fig. 7).  In the spectrum 20 Hz - 5 kHz 

21 



the calibration was done by the piezo-eiectric compensation 

method in a tank with an inverted compensating transducer 

MIM* 
(diameter 78 mm, length 105 mm, Af«iS5.7 * -  ) 

In spite of the fact that the two test devices substantially 

differed in the constructional features of their respective 

tanks, in their compensating transducers, and also in certain 

instrumentation (in this sense, they C?JI be regarded as 

independent), the calibration results in both devices were 

practically the same (within 3%). 

The good agreement indicates the accuracy of measuring 

sensitivity by the piezo-electric compensation method. 

At the upper end of the frequency spectrum the calibration 

data, using the piezo-electric compensation method, agrees 

(within 0.5 db) with that obtained independently on a non- 

directional hydrophone using the free-field reciprocity method. 

Calibration of non-directional hydrophones with dimensions 

less than 10 mm, using the piezo-electric compensation method, 

was carried out at frequencies up to 23 kllz.. In several areas 

of the frequency spectrum above 5 kHz, the measurements were 

complicated by mechanical structural resonances of the measuring 

tank at frequencies which corresponded to the anomalies noted 

22 



in the frequency characteristics of the hydrophone under 

calibration. 

* 

- 
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A6cojii'0~Han rpaflywpoBKd M3/.\epuTefibHb!x  i"M£?o#ono3 
B fluanasoKe 33yi:oBbix Macro? 
A //. rOJIEHKOB u JI. B. nABJIOB msm*MM 

B npaKTKKf nupo3KyCTH<iecxHX HSMepemifi no cax nop 
orcyTCTByeT yaoCauft K jociaiomio npocTofi iieToa aßco- 
.WTKoft rpa.iyiipouK» nupo<J>OH03 B AHarc^-He HH3KHX 

H cpeiKHx SByKOBUx 'laaoT (500 «{ —5 Kit;). 
B Aiiana30»e tacTor Sbiiue 5 '.vq npave.taeTCH veros 

BsaiiMiiocTii [I, 2] B lio-'e n.iocKiix ii.ia opepnqeciciix BOA», 

a «a lacroTax HH»e 300—500 iif — neroA sjiexTpoaKiia- 
McmeCKoft KOMnencauHH [3, 4], oCccne<iaaa:o:uiiff BbicoKyio 
ToiHocrb niapoipoiioa. 

Ha npoxexyTonaur. qacroTax 500 of — 5 «if BMSD.IHIOT- 

ca TpyflHoaru npii rpaayHpoaxe niApoipoiios eno aaB.ie- 
KHK>» B A«ana30HC 883X88 qacTOT, a TaK;üe H <no no.uo» 
Ka 6o.ice BUCOXHX qacrorax. ycioBan cpeau. onpeAe.iae- 
M«e npesKae Bcero cooTKOUieiiiieM paaMepcB npeofipaaosa- 
Ttiefl 33yxa H A.IHHOA 3nyxoBofi BO.IHU, HsiuaAUBaiOT cy- 
iqecTBeHHoe orpaHii'ieiiae npuMeiieHiuo H3BecT4Hx setORoa 
rpaAyupoBKM niapotpoaon B AH3na30He HIISKKX II cpeaaiix 
3B>K0BUX    qacTOT. 

CpaoK!iTe.ib!io HcSo.ibuiüe pa3.vepu coBpeMeimux H3MC- 
pHTCIbHUX    nupCMpOHOB,   HMeKMUHX    ofibl'iliO    CHMMeTpHI- 
Hyio KOHCTpyKitiiiO, oßecnewaasoT OTcyTcrsne HaHpaD.isa- 
ROCTH Ha 3THX wacroTax :i ae.iawT ue.ic:oo6pa3Hi!,t npo- 
BejcHHe itx rpaayaposKii no aaa.ieiiiiio, TCM fio.iee, qTO 
pea.ii!3033Th yc.ioriMfl csoßojHoro no.m na qaci-OTax Hsiirce 
5   tun 3aipyjHHTe.ibHo. 

MetoA s-iexTnoaHHavHiecKOfi KOMneHcattiiii, a KnropoM 
yc.ioBHH rpaayHpoaxa oC'.'cne-iüBaioTCfi npsi KOMIK-HC.IUK» 

sayKoaoro AaB.iemiji npoTHooaasaeaHeM ?.ieKTpoaiiHa«ii- 
lecKiix qiM Ha MeMCpane s.iäKTpoaaaaMasecKoro npeoö- 
pa3oaaTe-iM, npaKnmccKii He MOH;CT 6wrb HCMo.ibsoaan H3 
qacrorax auuie 500 m 1:3-32 öucTporo porra imepunoH- 
Roro conpoTiis^vHuH MeMfipanu c noBtiuien;:eM qacTOTM 
R cooTBCTCTByiomero yxyjuieHwi OTHOiuemi? cunia.i — 
uiyu. 

nonuTKa iicno.ib30BaTb 3/ieKTpoaiiHäMHqecKne CR.ia a.ia 
rpajtyiipoBKH uiimianopiioro o6pa3UOBoro rnapoipoiia HI 

fio.ico oucoKiix tacroiax, ciciamia« B [5], no namely 
MHCIOIIO, TepH-.'T saiKiiue npenMyuu'CTB.i NieToaa s.i-.vrpo- 
ÄHiiaMiwocKori KOMncHcamm a npcACTJB.incTca Texao.io- 
rH'ICCKll   CflO/KIIOH. 

HOKCKII eaaaooSpaann 11 npocTOTbi rpaayiipoBKH niapo- 
(J»0!IOB   C   BbJCOKOfl   TOWtC'TbtO   npitB£/IH   aBTopOB   K   pMpl- 
SoTKe Hy.iesoro MeToaa. ocuoaiiaa HACK Koroporo aiia.io- 
miHa HAee MBTO.13 3.iCKTpoa.wia.\MsiecKOfi KOMne»camiH. 
no no3no-iii<T pea^ii3033Tb ee B AHanaioiie sayKoaux 
nacTor. 

CyUtHOCTb 3TOrO MCTOJ3 COCI^iir B TO.N?. STO KOÄCÖaHHS 
n!.«303iv::Tp!('t?cxoft ofio.io'iKii nil. AeflcreiioM 3iiyK05oro 
jaa.^iijisf 3 cprae Top>iOJnrc>j nLOJos.iosTpii'iocKiiMii en- 
4aMil 3B)'KOBofl 'ucroru, B03:iiiKa:owiiM:t D oCxio-ne np:; 
noAai« »a ee oCK.ia.Txn BHeuiiiera Hanpn»CHita. 

Mo.'eHT   AociüKeHHH   npaKTH<iecKoa    henoaBHKHOCTK 
OÖO^OHKH, HaxOAHUiefiCH nOA OAHOBpäVCHIIUM  B03AefiCTBH- 
e\i aHeuiHero 3ByKosoro  AaB.ie:iii5i 11 BHyTpewmx   nbcao- 
BJieKTpMiecKHx CH-i — Mosieirt Kovnencau.m, — AO-iwreii OT- 

MeiaTbCH lyecTBaTeflbHMM   KiiAHKaTopc":.:   Ko.ieöaTc.ibHbix. 
Ae^opvamiK oßo.toMKi:. 

PaAiia.ibHue Aetpop.MamiH nbe30KcpaMimecKofl OöO.IOMKH 

B BHAe RHJIBHApa  CO CBoSo/.HHMH TOpUBMH,  HaxO,1>UUe'(CH 
noA B03aeflcTBHeii 3By;;oBoro AaB-ieima na HapyjxHofi no- 
BcpxnocTH H nbe303flesTpaiecKHx ein. onpcaensiOTcn H3 
ypaBHeHim   oöpanioro   nte303i,')!peKT3 [G] 

I- - - —0 — , 
f a 

(0 

rae o — Mex2HKic:Kce Hanp.i;s9Hi!ä o oöanoiKe, 33.13E;.O- 

MOC npiuo/Kcmibr« 3sy::oabi« aan.ioiciew; e—ttoayj|& 
ynpyrocra; UK — a.ieKTpüMeccoe HanpnHceHH» Ha 06x.*a.v 
Kax O5O.IMXH; O — To.imah.a OSO.IOH:;;:; 5 — nfce30HOAy.lv. 

H3 (I) BHAHo, mo npii coOT3eTcrn_.Hj:!tev BbiCops 311a- 
Ka ii Be.iii<::ii;bi UK $#$opxzua» :\o:v.r,o oCpariiTb B Hy.Tb. 

MexaHimcCKoe HanpsmeHiie o B rreiutax ooo^om:» unc- 
riüpmiOH3.1b!IO  KOS^MpitaiteHTV   HeXSHinieCKOS   Tp3HC'pOp.'ia. 
U:-IH r/a (r — paaisyc aiUHHApa) H Rosrovy 

rat p — 33yxonoe   AaB.ieime. 
ripa KOMnencamiH (|-0)  H3 (1) no.iyiae« 

o_ 

t 

.UK 
Hill p • 

te 
-UK~MU. (2) 

VpasiiCHae (2) flB.iflerca ypSBiiCH'-ie"! Mitoaa rpa.^ya- 
pOBKH rMpocpoiioBi liaaoaHHOro nav;i MCTOAOV 'ibijao- 
MeKTpii'R-cKo'i KOMiieHcauiia Oi:o noK33unaeT, 'ITO 3 MO- 

MeiiT Ko«n«iicaaifn anyhonoe Aaa.iemie />, AcfiCTayioinje 
Ha o6o.-iOMivy. nponopuaoiia.ibi'o HanpiiHcenaro KOMireiica- 
UKii, no.iaaaoMOM.v na ee 3.1 :i;Tpo.y-.!. 

TaKHM o6p33o.M, MOMcHT KOMncnenuHH aocriineTci 
no.'öopoM   aMn.niTyaw  11  <|>a3bi   3Toro   Manpawciiun   or 
BHclJHerO    MCTOMIIHKa. 

Kax aiiAHO 113 (2), KOSiptpiimiciiT iipoiiopuMoni.Tbüi)- 
cm M lie 3aBnc,iT OT 'lacroTu 11 npiioCpcTacT CMHC.I no- 
CTOHiiMoft xia ja.'iMoro of'pama KOMnen:aui:oiii:oro npe- 
O6p33OB3I0.1». 

3ra nocronmia« Mo;i:eT Curb onpe.TMeüa iieinnacüMii« 
McroaoM. KoMnciicamioiiHufi npeoöpaaonnTt.'.ib itcno.Tjiy- 
exrn np:i rpajyapoBise niapoipoiioa. ,'I::i 3TO:I rpn.iy.' ••.■• 
MHfl nt.1pe.pn11 jYT.niaxTi'v.-Tci r^.::.3-.i KOMneaca:-..!■>•; 
ro npeoGpi3033rc.iti H, cc.i« aKycT;i*iiCK::(l •■■:■■: 
nunothjMa a MOMC.ir i;oMnv.ii:auna aocraro'ir.o S.MIK T.' 

ero lyscTDar'MbüocTb onpoje.incTca  IVJ ipop«»y.T: 
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(3) £      P      Af(V 
rac tf — BuxoAiioe   «anpaiKCHHe   rpaayiipycxoro  raapo- 

KcMiiciicamioiiiiMH nproOp.iiouaTc.ib COCTOHT H3 AByx 
paasia.ibfio no.i>ipii30Bo:ii<ux mi.Tnii.-.poa I u 3 ((pur. I), 
paeno/iO/Kciüiux KoaKciia.ibiio. 3aaop 2 Mtncay HH-iampa- 
M.I  aar.o.incii   aitycTjptcCKH  »ecTxoft  cpeAoA.  HapywHue 
3.1CKTp0.1W  ItK.THtUpOB COCAHKCIIU C KOpnyCOM  II 333CM;ie- 
IIU. Ui!.ii:>i.Tpbi ycTaHau.isisaioTCH MBKSy Bepx:w.M H H;IJK- 

KHH (p.iamiaMH Kapnyca 4 na npoK.ia.iKax S. 3TH npo- 
it-iaaxii oöccneiHsaioT rcpMCTiisauaio, axycrHHCCKyio pa3- 
OH.iKy mimmapoB or xo.ieöawi.'i Kupnyca H asminy Top- 
U'.vs mi.TJ'iapoa or BOSACACTBHII Na mix 3syKoaoro aaa- 
acHits. 

OAIIK «3 ni.c30Kcpar.:--t'iecKiix itH.iiiiiiipoa sa.-ReTCJi 
iry.ib-opraiioM (Biieiumift na <J>;ir. I), Ha KOTopo.M ocym*.- 
CTo.iHCTCii KOMiicHcamia 3oyKoaoro jaa.iemtH npii no.ia'ic 
Ha ero ofiiuiaAKH nanpn>r:einrn i/K xoMneiicaumi, a BTO- 

pofi — lyacTnvre.ibHbiM 3.ieMc'iiT0M Hy.ib-HHAHxaTopa MO- 

MeiiTa   Kov.iciicauiiii,   cntaeTe-ibCTnyiomiiM   o  jumamn«» 
CKOM-paBHOBCCHH 3ByK030rO B03AeACTBHH  II  nbe303.1CKTpll- 
qecKiix cm. 

KoMneHcaniioHHuft npco6pa3onaTCJib pa6oracr wteayxj- 
miiM oCpaaoM. Ko.ieGaiuiR ny;ib-opraHa noA POI^CI'ICTBHCM 

3ayKOBoro jaa.ieiuin n-peaaioTca M'.pe3 npDMOiKyro IHM," 

«IOA lyBCTDHf^.-ibHOMy 3.ieMeHTy Hyflb-imjiiKaTopa, Ha 
».lexTpoaax KOToporo, c.ieaonaTe.Tbiio, B03H;iKaeT sjiexTpi!- 
■iccKOc HJnpji/i:en:ie, CBHjere.ibCTByioiuee o Ko.ieöainiax 
BHciuiieii OöO-IOMKM. üo Mepe noaain na oCx.iajKH «y.~b- 
opraHa HanpHJxeHiiH KOwneHcaumi STOT CHrHa.T yMeHb- 
tuaeTCH, a npii äOCTH/KOüHH MOMCHTB KOMnencaunH oCpa- 
macros B.Hy.tb, npii 3TOM pea.iit3yiOTCJi ycioaii« Meioaa 
nbe303.icKrpjmecKO'i KOMneHcamm. 

3xBHBa.ieHTHaH cxev.a KOMneacaUHOHHoro npeoöpa3oaa- 
TMH H3o6pa«ena Ha (pur. 2. 

*■ mopj 

3rS r 
$HT. 2 

3aecb m1"fl|p| H »ij—ajpj —pacnpeacteiiiiue .viaccbi 
HapyjKiioro n BHyTpcimero   mi/siiiiapOB,   COOTBCTCTBCHIIO; 

M a 
fr= H£j=* —fix THCKOCTH  (r — cpea:iitfi pa- 

AHyc, p — n.ioniocTb); /iij«»a}pj — Macca npoMWKyTONiio- 

r| «a        a, 
ro coos, <% = « HG=-   ,- = -   — DISKOCTH npo.ve- 

"     «■<■        P2 «I      '* 
KyToiiioro cnofl. 

npii sanoJiHeHHH saiopa «ewjiy KH-imupaMii TBCP^UM 

BCWSCTBOM Mo»;io npjiieCpetb riioxocTbio C, onpcjciiio- 
uefl ,".'-!i-op:.«au;i:i no TO-'IIUHHC, a npn sano.mcmui 3?30pa 
KHAKOCTbio, HC   cS.iaA3K>iueA   3Ha<nire.Tb!ioi*i   ru6i;ocTb!o, 
CACJtyCT  ilCK.HOIKTb 113  CXeMU  riiSKOCTb Si- 

B uauicM crcyiae npn sano.itieiiHii sa3opa »noxcuiiHUM 
KOMnayHAOM — BCC;CCT30M, sautiMawMHn npovciKyTooioe 
noao/KeHiie no caonri MexaHimecKiiM napaMeTpan i-teway 
a:HaxocT'jio » TBC^MM TMOM, KeoGxoaHMo yqüTbioorb oSe 
niflsocTii. 

Ka:< B:UHO ii3 9XB;i3a.ie:iTHo!i cxeMu, p:Kn.M KOMnen- 
raKiiii aocTHraeTca HC3aBHciiMo OT qacTOTbi II 3Ha-«en:in 
napaMeTpos CXCMU. üpu KoncrpyKpoBaiimi npeoSpaso- 
BaTM.q np:iH5iTbi Mepu, cHiixoioimie B.i.innue npo.io.ibKbiX 
Äe4>opMamifl Hy-Tb-oprana, onpeae.i)ieMMx uhtsmoayAtk 
öu=ö|j. Ha 3. A. c. !iy.ib-;nu!t::aTopa (npii 3«no.iHei!tiH 
3a3opa WHAKOCTbn i;a.io6HOcTb 3 T8KHX Mtpex orna^acT). 

CneayeT 3aMeT«Tb, MTO npii Kone'inoft TO.HUHHC ai| cren- 
xi! Hy.ib-opraHa Bupa»ceHite an?. nocTo^<it!oi° AJ KOMncii- 
caitKoiiHoro   npeo5pa30B3Te.iH   ycioJKiineTcn.   <l>!i3;iMecKH 
3T0 CBH33H0 C Te», 1T0 ilpH  HCnO.Tb30naiII!H TOflCTO'l  OÖ0- 
-10MK1! HapyacHaft a BMyTpoimna noBcpxHOCTH Hy.ib-opra- 
na KO.ieö^ioTCH BtoAKnaxoBo: npH HenoaBii5KnocTii OAHOK 

H3 HHX Apyran eme coBepmae- Ma.iue ocTaTomiuc xo.ie- 
CaHiifl, Tax xax ee aÖco.iioTHt'a CMCIUCUHH 3aBiic.<!T OT 

Bcex Tpex nbesoMcay.ieS On, öi: H On B o5o;ioT;e. 
PacieTU, CAeviesHue a npeano.io/xeHiiH, MTO ocranaB- 

JiHBaeTCH" rtosepxHOCTb nbe3oxepaMH<iecKofi OGO.IOMKH, npii- 
»luxanujaa K npoKejKyTO'iHOMy CJIOIO, npHaoafiT K c.ie- 
AyromeS saaKCH&incTii nocTOHHiioii M ox TO.iutHHbi oüo- 
^CPJXH: 

«-"•httt-)] 
v — K03i}!(pimHCHT nyaccoHa. 

OHT. 1 

TAB M,--*&- 

3ra ^opMy^a noü.i3KBaeT, ITO nosepxHocTb, Henocpea- 
CTjeiiuo Bocnpiurvvjaromaa 3ByK03oe nao.TtHHe, OCT«OTC?. 
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MM ..**--•« 

; i 

hecKO-isKo HMorop'ioisaHHoft. ITp« STOU, crporo roBopn, 
cminaercH axycmtecKafi uMiie.aaHu KowneHcauHOHMoro 
opeo6paioBaT&n<;. 

Oöaiosxa Ky.u-opraifa ao.iAHa öUTS AOCTSTOIHO TOH- 

Kofl.   B   i.auiHX   ycraiioaKax   co&itoAaercfl   OTHoiueuKe 

-fll<4 10 -i 

3Kcncp,iMciiTajibiia« ycT.moBxa. TpaAyiipo^Ka rKApocpo- 
HOB MeTOAOM ni>;j03.icKTp;i'iecKofi KOMneHcauKH npOH3BO- 
AHTCH no Aaa.ieiiii» B MajioA xa.uepe, HanoJiHeHHOti BOJIO"'. 

3B>'Koboe Aaiuieime B Kuvcpe B03öy;:AaeToi np;i novomi« 
nbe30KepaMH>iecKoro   113.1y1aTe.151. 

KoMPeiicauiioHiiwa npeoöpasoBarejJi omicauHoft KOU- 

CTpyKKiiH npiiMeüfl.icyi 11a.Mi1 ^rniib npn rpaAyiipoBKe THA- 

puipoiioB B A>!ana30He lacTor 1—500 tu,. 
B A>iana30He Co.iee BUCOKHX ISCTOT H3.MII Sn.i iicno.ib- 

30Bui! oßpamemitiii KOWnciicawioiiHufi npoüGpj3ouare.7b, 
Aawmtiii naii6u.iee axOHOMimuoc peuieiiHe BO.IFOBWX pa3- 
uepoB   no/iocTii   Ma.iofi   Kaiuepu. 

B 9T0M BapnaHTe KOMncHcamioHiiuft npeo6pa3ooaTe.ib 
HB.iiieTcn iieorbeM leMofi "lacTwo H3MepHie.ib.'!oä Kartepu: 
creiiKH Hyjib-oprana oöpa3VK>T ea 6OKOB)IO noaepxnocrb, 
a sueuiKHft  nbesoKcpa.Mii'iecKiiA  mi.-.iuup  HB/IHSTCS  iyo- 
CTBHTMbHblM   S^eMCKTOy   Hy.lb-l!HAHK3T0pa   MOMOHTa   KOM- 
neHcauHii. 

Bo36y4«Te.'n> ssyxoBoro jas-ieiiM ycTaiinß.inaaeTCH 
B »:accii3H0M ccriOBa.iiiit Kavcpy, oCecneiiinaiouiCM Ha- 
AOKiioe SKpaiiiipoBauiic iie333CM.ieHiiux (Biieiain:x) 06- 
ic/iaAOK Hy.ib-iiHAHKaTopa. Tpa.iyHpye.Muff niapoipoH 3a- 
Kpen.iflercfl B ueiiTpa.iLHo.v OTBcpcTiiu   KpuuiKii  x-iMepu, 
KOTOpafl     HB    aMOpTII33UH01!HOM     yn.lOTHeilllll    33Kpb!3aCT 
6.IOK nbe3CKepa.MiiiecK!ix mi.niH.ipoa H repMeT;i3ispyer 
BKyipeHiiioio no-iocTb H3.McpiiTe.ibHOH Kasiepa. 

JlHHcfliibie pasMcpn xa.Mepu no U3uecTHbiM ipop.My.iaM 
[7] paccmtTW3-.i:oTCH T3K, ITOCU. pajHa.ibiiHii peaonanc 
no.iocTH BcerAa  Ha.xoAHJica Bume npoAo.unoro  (/.), 

Onbii Jioxa3a.i, wro pacnpeAe.iemie AaBjiemm no BucoTe 
H3McpiiTe.ibH0H xaMepu, B03Hi!Kaicm.ce c nosuuieiiiieM H3- 
CToTU, npaKTimocKii 0Ka3biB2CTCH npeHeßpe.KHWbiM jiiimb 
Ao   sacTOT ~0, I//. 

ripn rpajyiiponKe rH/ipo<po:iOB 11a öo.iec BUCOKHX ia- 
croTax HeoÖxoAHMO ymiTusaTb tiepaBiioMepHOcrb 3ByKoao- 
ro aan.ieHHfi no A-iwiie x.iMepu. 

CtiMMCTpimHuft xapaxTep Kpimux pacnpcacicHitn any- 
Kouoro Auu.ieiniH nojBO.i;ier npoiuuoaiiru rpa,ayiipuB<<y 
B Ka\icpc ciiMsteTpiiMiiux no xoncTpyKumi nupoipoiiOB, 
3aiiiiMaiomi!x 3Ha<iiitc.ibHuft OQICM niMcpnTc.ii.!iori K3MC- 

pu. npii yc.ionini COBMIIUCIIHH n.iooKOcrefl aKycTimecyoft 
CHMMcrpim 1 KOMneHcauuoiiHoro npooöpaaoaaTe.i« 11 rpa- 
AynpycMoro rn.tpo(pona. 

fle.io B TOM, mo KOMneHcaiiHOHHbi.1 npeoi5p33onare.ib 
H3Mcp«ieT cpeAiice flas.'ieHiic, aei'icTByiouicc Ha loaepxiiocTb 
iiy.ii.-oprana, 11 lyncTaiiTe.ibMOCTb ero K rpaAiiciiTy aau.i'.- 
nun BecbMa >ia.ia. 

• n.ioi-xocrsvi »KycriiMfcK'-ift ciiunerp ;i< 
tjii,ii'--in->rcj     n|h'„Cp Uv;iJTe.;i     ;:..,!     riup 
n.iD^'Kocri». a Kuropufl    KOMitcnrnp>iurv'Ji    a: 
3S)K'JU'|U .US.'.L'III.K   OT cpr.1lli.TO   auQICKHjI. 

0.1 
ioilj    U'l     HIJUUIOM 
lOiKHUt   OT"UO:'CHMfl 

ECRH. sax sro CbiBaeT cCuwo, ne;ianpaB.ieKHtfft napo- 
(poH o6.-:2j:aeT TaxiiMH we MUTerpupyiowiivu caotizr-szr.iu, 
TO rpaAynpoBKy OKa3biBacTcn BO3UO>KHMM npoK330^iiTb 
H npK H2.1HVHH 3aveTHoro so.i.'ionoro pacnpeje.ieHHR 
Ao — 0.8 //, KorAa, cTporo roaopa. navepa y«e He slo- 
wer croraTbcsi Ma.iofi. 

OrpaJKAeiiiie H3 npo3painoro oprcrcicia, ycTaiios-teiüioe 
Ha KpsiaiKe, n03B0.ifler npoiisBOAHTb repMeTHiamiio no.io- 
CTH H3MtipHTe.1bH0H KaMepbl 00,1 CBO60AH0A nOBepXHOCTb» 
BOAU. 3ro npocTOä ycrpoAcTBO oöecnetHBaer 3ano.i!ieHne 
nojocTa B0A0S 6e3 B03ayuiHU.x ny3brpbKoa B03ayxa, MTO 

Heo6xoAii»!o A-iH npaBH.ibHoA paCoru ycTaiiOBXii. 
Haui onuT noxaa&ft, WTO McxaimiecKde KoiicTpyKTiiDiiue 

pe30iiaücu cKCTewu uoryT 6uTb BWHecenu aa np?je.iu pa- 
ooiero A»ana30iia MSCTOT rpaayiipoBitii AO HacxoTu 5 «i{. 

B.iosc-cxeiia H3MepiiTe.ibHoft ycTaHoBKii npcÄCTaa.ieHa na 
(pur. 3. rHApoaKycTimecKaa MBCTB ee npeACT.iB.iena HiMe- 
piiTe-ibHofi Kauepofi /, on<icaiiHofi BUUIO. 

3Byxoaoe AaB«ni(e B xaMcpe B036y/K,i«mTca nbe30Kepa- 
Mimecs;:« H3.iyiaTe.ii.'M 3, nmacMbiM üT reiiepaTOpa 3.ICK- 

TpimecKHX xo.ief aiiiii"! 2. Or 3roro KC renepaTopa 4epe3 
«jaaoBp&riiie.ib 4 Ha nyjib-opraH xoMneHcamiotiHoro npe- 
oöpajOBaxiJiH 5 noiiaeTCH Hanpn/KeHiio UK KOMnencaumi. 
HanpB/KeHiie, CHHMaeMoe c 3.ieKTpoaoa HyocTm-.TcibHoro 
3.ieMeiiTa H)Mb-iin.niKaTOpa, fcpi'3 ycii.iuTt-.ib 6 no.iaeica 
Ha   OCUÜ.I.IOCKOn   7.   BB-IHlOtUJlftCH   BH3ya.1l.IIUM   HHAHKaTO- 
poM NOMeHTa KOMnencamiH, KOTopufi onpeae-iHcTCH no 
Hcse3H0BeHiiK) ciiHyconaa.iwioro cur'iia.ia. 

B ji3MepiiTeflbrioS ycT3H03Ke npcAycvoTpeiio KenocpeA- 
CTBeHHoe H3>iepcni(e HyBCTBiircibiiocTt! rpaiynoycMoro 
rHjpo^oHa r (a «oiieHr KOMneHcauiiii) no aTroKioarc- 
py 8, OTrpajyiipoB3HHOMy B eaiiHimax >«yncTaHTe.i!;;iocT!i 

£ = I 
M 

U 

3TOT   3TTeHK>aTop   H3.vcpnt'T   OTiioiueHiie  Hanpn;«cni!r: 

" I     - 77" c yteroM MacuiTaÖa    •. Jl.ia sroro aTTemoaTop chno- 

»aoTCfl  Aono.iiiiire.ibiiuM AC.IHTC.IOM, o6pa30oaHiibiM  co- 

Our. 3 
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npoTiin.icmccM R it BXOAHMM conpo:»B.iciiMeM aTTCinoaTO- 
pa. CoiipoTiio.'iciiiic R BMÖüpacrc« no DMH'IHHC Al A-IH 

JJHI« i'l    KSMcpM    T3K,    MTOGU    Hpll    paBCIICTOe    BHXOAHWX 
iianpHHvciiiifl rpaAyiipycMoro ru.ipocpoiia H arrciiioaTopa 
anemic na JIHMCC nocaeanero aasa.io OTCSCT   MyacTBH- 
fCAMIOCTII. 

Cpaniii'imc nuxoaiibix itanpaHccHiiH npoii3BO.iiiTCn BII- 

jya.n.MO, na »xpaiic octiH.i.iorpa<pa //, Ky.ia OHII noaaiOTOi 
noo'icpcAiio npsi noMoittii nepeKVuoiarcia 9 <icpca npeaBa- 
pH7C.1hlli.lii yCil.luTC.1b 10. 

Buxc.iiioe iianpnMcitno rpaaynpycMOio rHApOipona aa- 
noMiniacTCH. a aarcM npii noMotmi aTTciiioaTopa iia »cpa- 
He ocuii.i.mrp.irpa  ycTaiiaB.iiiDacTcn  Taxoe wo Hanpnxce- 
HMC,.  npil    KOTOpOM      II      CMMTMBacTCJI      SHaiCKHe     HCKOMOfi 

«yBcraiiTe.ibiiocTit nupoipona. 

BUCOKOC BXOAHOC cenpoTiiBJieiuie (no MCIICC 300 MOM) 

npifMciioiiiihix yoH.iiiTc.ioft no3Do.incT B Aiiana30iic Ma- 
CTOT 1 m — 5 «« no.-'yian. A.IH no^au.iniowero 6o.ib- 
tumicToa nbeiOKcpaMtf'iccKKx rn.tpoipoiioa MyBCTBHTe-ib- 
HOCTb r.paKTiiHoCKH B pcMHMe xoaocToro xoaa. 

OCHOBHUC    3KCiicpHMCHTj.ib:iuc    pciy.ibTaTH.    Oneima 
TOHHOCTM.   4>ylUaMCHTa:ibilMM   ÄJ1H   MCT0.13     nbC303.1CKTpH- 

•leoKoft KOMnoiicamiH nn.ioeTc« 3KcncpiiMCHTaJibHoe onpe- 
flo.ieinic   nocTOHiiiioi)   Af   KoMneiicaniiOHiioro   npeoßpaso- 
MTC-IH. 

3ra nocTORiinaa BbtpawaeTCH OTIIOUICIIüCM AaB.ieima p8 

K HanpfiMouiiio 1/jj, HeoGxo.wiowy jan KOMrtcHcau.nn 3TO- 

ro aan.iciiiiH. t. e. Af = "JM, H onpeae.meTC» CDoflcTBaM« 

nbC3o.MaTepna.ia II xoiicTpyKunefi npco6pa30BaTejm, He 
aasHcnuuiiMii or qacroTbi. 

* ripiiiiminiia.ibiio Af Mower 6biTb onpe.ie.ieno B crata- 
■ICCKOM pe/KHMe, HO A.IH nbC303.isKTpiiHecKHX npeoCpa- 
30BaTe.ieft yaodiee aaaasaTb ncpcMcHiioc Aan.ieiiKc p°. 

MH Hcno.ib3caa.iK A.IH 3Toro niApocTaTHiecKoe B03- 
oynuemie [8], npii KOTopou ncpsvieHiioe THApocraTHiecKoe 
aaB.iemie B BOJSC coaaaeTCH nyTCM nepiioaimecicoro H3Me- 
HCHHH  ypoBiin CBo6oA>ioft nonepxHOCTH WHAKOCTH. 

rio.iocTb  H3MoptiTenbHoft  KaMepu   /   (<pnr. 4)  nocpea- 
CTBOM   THÖKOft   TpyÖKH   2   COOÖUUeTCH   C   AOnOJIHHTeflbHblM 
OTKpuTHM cocyaoM .', ycTSHOB.ieHiibiM iia BiitipocTo.iH- 
ite 4, coBepaiaioiueM CHHycoiua.Twiue K0.ie6anH« no Bep- 

<J>ar. 4 

THKa.iH. Ben ciicTCN» 3ano.iHH«Tca BOAoA H iiasa.ibiioc 
rHApocTarimccKoe aaB-ieane onpcacmcTCH no.iowcmtcM 
cDoCoAiioro Mcnucxa a oTKpuTOM cocyAc. B raxT ico.ic6a- 
HIIHM cBo6oAiiofi noeepx .*OCTH HJMCHHCTCH r:iApocTaritMe< 
woe AaBflCHiic p'^pß^sinw/. nponopmioHa.ibiioc Ko.icCa- 
Te.ibiioMy cMcmcHiuo (p — niOTiiocTb BOAU, g — ycKope- 
H»e CII.IH THixecTH. k—aMii.iiiTyja KCicCarcibiioro cvc- 
UICHHSl). 

MacraTa K0.ie6aimA B;:6pocTO.niKa BuGnpa.iacb Äocra- 
TO'iito HH3K0fl (0.3—0.4 ^^), 4TO6U B.iiinHiieM Hiicpmioii- 
HHX CH.1 B Ko.ie6.iioiucfi:H HOIAKOCTH MO*HO 0U.1O npe- 
HcCpcMi. H3-3a Ma.iocTH KO.ic6aTe.7bfiwx ycKopcmift. 

AMn.uiTyja h Ko.ie6anHH D HauiHX inMcpeiiiinx cocraB* 
ffi        196 

flH.ia 2 CM. H, cicaonatcibiio.   Af« .* =—— Hi**. 

Hanpftxemie KOMncucauun U% H3Mepn.iocb BOJibTMer- 
poM BbicoKoro K.-racca. Ortur noKa3a.i, MTO npii ncno.ib3o- 
BaHiiH niApocTaTHiecKoro BosöyaiiTe.iR norpeuiHOCTb on- 
pc.ie.ieir.iH M COCT?B.IBCT ao.iH npoueina « MOMCCT pac- 
CMaTpHBaTbCH   K3K  neHCK.HOweitHblH   OCTaTOK   CHCTCM3THMC- 
CKOA norpeuiHocTii rpaAynpoBoiHoft ycraHODKii. 

IlHTepecHO  B  3T0H  CBH3H OTMeTHTb,  MTO nOBTOpHMC  113- 
»cpeiiKn Af. npoaeaeHiiuo Mcpca ro.i, aa.iH BapiiauHH sroft 
Be.iHiiiHbi T.1KJKC B npeae.iax  1%,  ITO CBiiaeTC.ibCTaycr 
o ec BucoKoft speueHHoft cTaöH.ibHocTH. B cjryiae npii- 
HeneHiin B Ky.ib-opraiic nbe30KepaMHKii, csoActBa KOTO- 

poft aamiCHT OT TeMneparypu, rpaayitponxa rHapoipOiioa 
MeTOAOM nbe303.ieKTpHM£CKOH KQMncHcaitHH Ao^wia npo- 
BOAHTbCH npii Toft Te«n?paType SOAU. npn Koiopoft 6ujia 
onpeae.ieHa nocroHHsaii Af. 

Ä.in oniicusacMoft KaMepu, ccöpatinofi «a reMneparyp- 
K/JK* 

HO-cTa6iMH3iipoaaHuofi KepaMHxe, Af = 185,7 . 

PasMcpu BHyrpeHRcn no.iocTH 3Toft H.iMepHTe.ibtioft ka- 
MepN (.viaMCTp—■'78 MM, BbicoTa 105 MM) no3no.iH.iH 
rpaaynpoBaTb B Heft HC!ianpan.ieHHt:e nupofpoiiw c pa3- 
Mepavii. He npesbitaaioiUiiMH 50 MM, AO qacTOTU 5 «.at,. 

Bii6poii3o.iiipyioui!ie npoK.iaaxH na ropuax nbe30Kcpa- 
MHtecKoro 6.10'rca npaKTHiecK» no.niocTbio o6ecncH°.!naiOT 
«pa33H3Ky» rpaayHpycMoro riiapo^ona OT Ko.ieSaimft 
Ko.vncHcai|HOHHoro npcoCpasoBaiclH (creHOK Kavepti). 
3TO npoBepH.iocb 6c3 BOAU npn noaaqc ncpeveiiHoro Ha- 
npaJKeiiiiH Ha B036yAHre.ib (AO 100 e) H Ka MCKTPOAU 

Hy.ib-oprana (ao 10 o); cnrHa.i c nupo^oHa OTcyrcTBo- 
sa.i. B paöoie.M aHanajoiie wacroT- HaripHHceime KOMneH- 
caitHH cocTas.in.io KecKo.ibKo ao.ibT. 

Hcno.ib303amie    vexaHH3Ma   nbcaosipipeKTa   pca.ni3yeT 
HCMIOMHTe.lbHO   BMCOKVK)   MyBCTBHTC.IbHOCTb   KOMnSHCaUJi- 
OHHoro npeo6pa30BaTe.ia K Ae<popMauiinM, oflHaKO ero 
«iyBCTBHTe.ibiiocTb   K    AaB.ieHHK)   .iciKajia    B    npeae.iax 

MKt 
20-60—--r. 

H/M* 
npn MacToTe Buuie I Kiq HeoSxoAiiMO Cbi.io yöe.iiiTbCH 

B cooTBeTCTBiiH 3Byxo3orö no.iH B xaMepe TCOPCTHIOCKHM 

npcanocbi.iKaM, o6oc:iOBbi9aiouuiM AonycTHMOCTb rpaayn- 
poBKH rHapcxpoHOB B yc.'iooHHX B03MOji<HO."i Hepasxo.vepHO- 
CTH 3By;:oBoro a&Mtmn no a<iHiie xavcpu. 

' i 
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Paccmonme em nnocxocmu catt- 

Kcmpuu.HN 

4>Hr. 5 

ripa noMotKH MHHHariopHoro apepHwecKoro nupoipona 
c saaeAOMO TIOCTOSHHCH lyBCTBHre-ibHocrbio 6'J.io H3:,ie- 
peHO OTHOCHTe.ibHoe Rj.Meneiiite aaa.ieHHH npH noueweHH« 
nupoipOHa B pa3.iii'iHwx Towxax no AJimie Ka.wepu «a 
qacTOTax I; 2; 3; 4; 4,Ji, 5 tuif. 

rio-iyneiiHuc TaKiiM oöpaaoM SKcnepsiMOHTa.ibhbie xp«- 
sue pacnpeae-ieiiHü SByxosoro AaB^eHiin no MBHC Kaue- 
pu npeacTaB.ienbi «a ipiir. 5. Flo BepTiiKa.ibHofi OCH OTJIO- 

Mcenu H3.Mepemii.ie sHatemtfi jaa.iensin, a no ropH30HTa;tb- 
Hoft — ao.io>Keniie MHHiiaTiopiioro riiApocpoHa OTHocnre.ib- 
HO n.iocKOcn« aKycTHiecKofi ciiMvcTpiiii xaMepu. 

9TH xpHBue B Aiianasoiii >I3CTOT AO 5 MI\ yAos^eTBO- 
piiTe^btio cor.iacywTca c pacMemuMH, a nx AocTaTomiao 
CIIMMCTpHIKOCTb OTHQCHTMbllO rMOCXOCTII  CHMMeTpiiH  n03- 
BO.itier cmiratb npaxTimecxH KOMnencHpoBaiiHofi Hcpao- 
HOMepHOCTb pacnpcACJeiiHfl JsyxoBoro Aaa.ieHiifl Ma no- 
sepxHOCTH rpajyiipyeMOro riapoipoiia cpaBiiHTeJibiio öo.ib- 
luoro paiMi.-pa. 

Ha ipnr. 6 npnucAOiia iacro.nia>i aaBiiciiMOCTb auyxoDo- 
ro AaB.ieiuin p, BoaßywAaeMoro B lUMepiiTejiwiOH xaMe- 
pc. ypoaeiib aayxoBoro AZB.ietiK«, itaMcpeiniuft npx no- 
Mown KOMncHcauiioiuioro npeo6pa30B3Te.iH npsi HOCTOHH- 

CTBC nanpnx;cn;in Ha sawiiMax BoaoyAiircin, cyuiecTBCHHO 
HSMeiiHCTcn B saBiicHMOCTii or sacroru BosSywAciiiisi. 

OAiiaxo npn 9TOM «tyBCTBHTeflbHOCTb E rHApocpona octa- 
Ba.iacb .iHiicfliioi'i, MTO CBiiAere.ibCTByer o npaoii-ibnaorH 
ii3Mepeiinn 3nyK03oro AaB.icmni MCTOAOM nbC303.icKTpime- 
cxofi KOMneiicamm, Heotorp« Ha inve-Mcinia BC.III<IH;IU 

aayxonoro AaBiemiH. 
Oiu'iixa norpeujuocTii npoaoAit.iacb »xcnepiiMC ira.uno 

nyrc.M MHoroxparnux rpa.iynpoBOK nupoipoiioa. On a can- 

ufc •••  / 
«4 

0\ . ,i  i..   i_  i i i i i I I j i__ 
t    2    *    8    IS   32   St   125 250 SCO mimWOtq 

<bm. 7. 

AertibciaycT o Buco::oa BocnpoH3BOAHMOCTH pe3y.ibtaT0B 
HSMepeHHi'i. 

B xasecTBe npuMspa B BcpxKef: lacr« ipiir. 7 npHBeae- 
i:a wacroTHan xapaxTtpiicTHKa qyBCTniiTe.ibHocrit cepepis'io- 
cKoro raApo(j)Oiia 113 Kepa.viiKii TiiTJiiaTa 6ap;m AtiaueT- 
pOM 50 MM. KawAaji Towa na rpaipiiKe B3>iTa xa.t cpea- 
Hee H3 AecHTii H3Mepeiim"i. Maxcuva-iMiufl pasöpoc 3iia'i>- 
HUH Ha oT.ie.ibiibix (piiKcnpoBaiiHux qacTOTax D AHanasnne 
\ iif — 5 «:_'/,■ AOCTHra.i 0.8 do, cpeAHeKaaAparimecKan v.o- 
rpeiuHocTb p«Aa ajMepenufi /loKa.ia B npe.wax 3%. 

B HIIKHCA wacTii 37oro rp^aipiixa npsmeAcriu lacTOTiius 
xapaKTep;icT>iKii MyBCTBiircibiiocni nbeWKepaaimecKoro 
ntApo(|>OHa un.iHüapii'iL'CKoü (pop.MU (.iiia.'.icrp 12 MM, DM- 

coxa 32 MM). 

B Atiana^o'ie 20—300 eif rpajyiipoBKa (OTMuieno nepo- 
qepKHyT««« xpyjKKaMn) npon3Bo.iu.iacb MCTOAOM ntcoo- 
WCKTpHwcKofi KOMneiicaujin Bcra.ibiioM öaKe (AiiavCTp 
150 MM. A-iHHa 200 MM) C BOAOH, xyja noMcuia.iL« n KOM« 

CH/M-\ 
Ms= 157,5 J, ii3ro- 

TOB-iemiun B Biue oTAe.ibiioro ys.ia (CM. ipnr.* 1). B Asia- 
.naioHv! «UCTOT 20 ei\—5 K:I{ rpanyiipuuKa npoitsuoAiuacb 
MeTOAO» nbe303.iCKTpii'iecKori KOMnciicauiiii a xa«cpe c cö- 

paweiiHVM   KOMneiicamioniiuM   npcoöpasosarcicM [ AH 

HcCMOTpit   Ha   TO,   "4TO   3T1I   AH'.'   yCTailOBXH   CyittCCT.lC'il'O 
pa3.nisanTc>! Mcnuy CO5>I"I no KoHCTpyhui':! xa.Mi-p, KOM- 

ne'icailHOHtiUMH np>.'o6pa3o:iarc.i:i\':i, a rax.'xc no i.ioMcii- 

3.U3- 

MCTp 78 MM, A-niiia Ißj ^(.<i, M«I85,7 
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T*M iiiMipiirr.'ibiioA <iacTu (11 a MOM CMUC.IC voryr ein- 
T.irun iKj.ia;ic;ivuMii), pciy.ibTaru rpaAyiipopxit nupo- 
•Jiojia na oßoiix ycraiiooicax npaKTietecKH coBiia.iii (B npe- 
3cJ*X 3%). 

X «;ioiii;iH coMaconaiitiocTb coiiACTUiKTsycT o npanti.ib- 
»ids »iMcpermii lyDCTOiiTcrbiiocrH MCTOAOM nbe303.ieK- 
ipii'iccKoA KOMnciicamm. 

Ha ucpxiicM Koimc ■sacTOTiioro Axanaaoiia pcsy.ibTaru 
rpa.tyi(ponKii MCTOAOM nbC303.icKTpn>iccKofi KOMncncauim 
r.ir.iacyioTCH (a npeAWiax 0,5 06) c pcsy.ibTaTavH rpa- 
jyMpottKii iiciianpaa.ieiiMoro nupocpoiia ue3aBiiciiMUM Me- 
TiMOM DsanMiiocTii a CDOöOAHOM no.ie. 

rpa.iynpoBKa iiciianpao^citiiux niapcxpoiioB c pajMepa- 
Mll »dice  10 MM MCTOAOM  nbC3OJ.1CKTpHM0CK0H  KOMneiica- 
u:isi CUM npoocaeiia «a tacTorax no 23 Kiif. Ha IICKOTO- 

pux jNacTK3x lacTomoro AHana30Ha auuie 5 am H3.Me- 
pCIIIIH OCIOÄIIJUIICb MexaiUIMSCKHMII KOHCTpyKTHBHUMH pe- 
jOIKUCaMH     CHCTCMbl     HSHepMTe^bHOft    KBUepbl.    KOTOpbIM 

coorncTCTayioT   xapaKirpubic   itCKaweHim   ita   sacTomoA 
xapaKTcpiiCTHKe rpaayiipycMoro niApofoiia. 
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